A new derivatization procedure for fatty acids followed by HPLC analysis with UV detection is described. Originally, derivatization was carried out with acetone solutions of 2,4'-dibromoacetophenone and triethylamine at 50°C for 2h. To prevent oxidation and isomerization, unsaturated fatty acids and conjugated dienes in particular were derivatized at a lower temperature (40°C) for 30 min using a concentrated solution of 2,4'-dibromoacetophenone in acetone and triethylamine. The new derivatization method decreases the risk of degradation and isomerization of unsaturated fatty acids. Due to the use of higher concentrations of substrates in reaction mixtures, significantly enhanced sensitivity of fatty acid analysis is observed. In contrast to the original derivatization method, the new one can be successfully used for both large and trace concentrations of fatty acids in various types of biological materials.
INTRODUCTION
The fatty acid profile in the animal body depends on the fat composition of feed mixtures. Various additions to these mixtures possess different abilities of modifying fatty acid proportions in animal tissues (Bas and Morand-Fehr, 2000; Bessa et al., 2000; Chilliard et al., 2000; Mir et al., 2000) . Moreover, interest in meat and milk fats has reappeared because of many studies aimed at elevating essential unsaturated fatty acid (FA) contents and accurately quantifying trace amounts of trans FAs and low levels of conjugated linoleic acid isomers (Demeyer et al., 1999; Parodi, 1999; Wood et al., 1999 carbon chain length from C 4 to C 26 , including branched-chain FAs (Kramer et al, 1997) , but, in milk samples in particular, there are low quantities of various geometric and positional isomers of mono-, di-, and tri-unsaturated FAs. Therefore, investigations on FA metabolism require an accurate, sensitive, precise, and reliable method for FA determination. Various HPLC methods, capillary electrophoresis or gas chromatographic (GC) techniques have been used for analysis of FA profiles. Unfortunately, difficulties may occur in quantitative formation of esters from such a complex mixture of FAs in rumen fluid, intestinal digesta, milk, or meat samples. Indeed, sodium methoxide-catalyzed methylations have been used, however, free FAs, sphingolipids, and glycosphingolipids are not methylated under these conditions (Kramer et al., 1997) . On the other hand, acid-catalyzed methylations convert all lipid and FAs, but during derivatization conjugated dienes are isomerized. The main advantage of HPLC over GC methods is the possibility of collecting fractions for further analysis and lower temperatures during the analysis, which reduce the risk of izomerization of double bonds. Unfortunately, fatty acid methyl esters, like free fatty acids separated by HPLC, have high molar absorption at low UV wavelengths (<205 nm). Therefore, for FA derivatization it is better to convert FAs with reagents possessing high molar absorptivity at longer UV wavelengths. Thus, the present study was undertaken to develop a method for preparation of FA derivatives possessing high molar absorptivity at longer UV wavelengths (>240 nm). To ensure stability of the formed product we used 2,4'-dibromoacetophenone as the derivative agent. The high molar absorption (with the maximum at -256 nm), low temperature of the derivatization procedure make this FA aromatic-derivative suitable for reversed-phase HPLC with UV detection.
The aim of the presented study was to obtain better sensitivity of assayed FAs after their derivatization with 2,4'-dibromoacetophenone in the presence of triethylamine. The proposed method should provide a better method for determining trace amounts of essential FAs in prticular.
MATERIAL AND METHODS

Reagents
All chemicals were of analytical grade and organic solvents were of HPLC grade. Acetone, dichloromethane, glacial acetic acid, methanol were purchased from POCh (Gliwice, Poland) while acetonitrile from J.T. Baker (Holland). Triethylamine and 2,4'-dibromoacetophenone were from Merck (Darmstadt, Germany). Palmitic, stearic, ricinoleic, ricinelaidic, linolenic, y-linolenic, linolenelaidic, linoleic, linolelaidic, c/s-vaccenic, oleic, petroselinic, elaidic, /nms^-octadecenoic and -10,12 (combined -1.3%)). Nonanoic (an internal standard), caprylic, capric, lauric, myristic and behenic acids were from Fluka. All other chemicals were obtained from POCh (Gliwice, Poland). Water used for the preparation of mobile phases and chemical reagents was prepared using an Elix™ water purification system (Millipore, Canada). The mobile phases were filtered through a 0.45 jam membrane filter (Millipore) and then de-gassed for 2-3 min in vacuum with utrasonication prior to use.
Chromatographic equipment
The instrument used consisted of an alliance separation module (model 2690, Waters) and a Waters 996 photodiode array detector (DAD). Development of the gradient systems, collections and data integration were performed using a Pentium III computer (Compaq) and Millennium 2001 software (version 2.15). All derivatized fatty acids were detected at 256 and 234 nm. UV spectra of the eluate with a spectral resolution of 1.2 nm were obtained every second and were electronically stored on a computer hard disk. Separations of derivatized fatty acids were performed on two Nova Pak C 18 columns (4 jum, 250 x 4.6 mm I.D., Waters) in conjunction with a Waters guard column of 10 x 6 mm I.D. containing reversed-phase C 18 (30-40 jam) pellicular packing material.
Analytical solvents and gradient elution systems
Two HPLC grade solvents were used in this study. Solvent A was acetonitrile, while solvent B was water. For analysis of all derivatized fatty acids in standards and biological samples, a binary gradient elution program was used (Table 1) . All separations were performed at a column temperature of 37°C. Injection volumes were 5-20 jul. The maximum pressure of HPLC systems was 38.5 MPa. The ambient temperature was 20-23°C. Fatty acid derivative peaks were identified by the retention time of processed standards injected separately and by adding standard solutions to biological samples. The concentrations of fatty acids in biological samples were calculated using fatty acid standards and an internal standard (nonanoic acid) as a measure of the extraction and derivatization reaction yield. All samples and standards were protected from the light when the reaction components were carried through the hydrolysis and derivatization procedures described below.
The limit of detection (LOD) was calculated as a signal-to-noise ratio of 3, while the limit of quantification (LOQ) was defined as 10 times the noise level (Gratzfeld-Husgen and Schuster, 1996; Meyer 1999) .
Preparation and hydrolysis of samples
Milk, meat, duodenal digesta and subcutaneous fat samples were collected from sheep. All samples were frozen, lyophilized and the obtained residues were stored in sealed tubes at -20°C until analyzed. Milk (0.7-78 mg), meat (4-65 mg), fat (2-7 mg) and duodenal digesta (10-110 mg) samples were hydrolyzed with 3.5-4.0 ml of 2 M NaOH at 80-85°C for 30-35 min in sealed tubes. The resulting solutions should be protected from the light and stored in sealed tubes under argon. After cooling the hydrolysates were acidified with 4 M HC1 to pH ~ 2 and then free fatty acids were extracted four times with 3.5 ml of dichloromethane. The lower organic layer was dried with Na 2 S0 4 (50 -100 mg) and then the organic solvent was removed under a gentle stream of argon (Heinig et al, 1998) . The residue was used for derivatization as below.
Derivatization procedures
New derivatization mode: To a residue in a reactivial, 0.5 ml of dibromacetophenone (48 g/L in acetone) and 60 jal of triethylamine were added together with vigorous mixing. The resulting solution was again mixed and reacted for 30 min at 40°C. All derivatized samples were protected from the light. It is recommended to store the reaction mixtures in sealed tubes under argon. The derivatized procedure for standards was the same as for biological materials. The resulting solutions were injected onto C 18 columns (Nova Pak). All processed samples should be protected from light and stored at about -25°C until analysed.
Original derivatization mode (Heinig et al, 1998) : To a residue in a reactivial, 1 ml of dibromacetophenone (12 g/L in acetone) and 1 ml of triethylamine (10 g/L in acetone) were added. The contents were mixed and reacted for 2 h at 50°C. The derivatizing procedure was stopped by adding 100 |al of acetic acid (2 g/L in acetone). The resulting solutions were injected onto HPLC columns.
RESULTS AND DISCUSSION
The main analytical problem in the presented work was to obtain a better yield of the derivatization procedure in comparison with the original one. Moreover, the composition of the mixture of positional and geometric isomers of unsaturated FAs may depend on the reaction conditions applied for the formation of FA derivatives. Part of the polyunsaturated FAs, especially CLA isomers, may undergo isomerization or even degradation during derivatization carried out for a long time and at a high temperature. Therefore, it seems reasonable to examine in detail the derivatization of FAs carried out with a high concentration of 2,4'-dibromoacetophenone and triethylamine at a lower temperature (i.e. at 40°C) and for only 30 min. In the first set of experiments, various amounts of triethylamine (TEA) were added to hydrolysed milk samples (-15 mg) and 0.5 ml of 2,4'-dibromacetophenone (48 g/L in acetone). It is well documented that much better yields of the examined derivatization reaction are obtained in solutions containing a large excess of basic compounds . A systematic study of the effect of TEA concentration on the derivatization yield showed that the maximum yield of FA derivatives was obtained when 60 jul of TEA was utilized in the derivatization procedure (i.e. 0.5 ml of dibromacetophenone (48 g/L in acetone) and 60 JLII of TEA). As expected, a larger excess of TEA in reaction mixtures does not elevate the yield of derivatized FAs. Subsequently, we studied the dependence of the mass of analysed biological samples on the yield of FA derivative formation using the new derivatization procedure. In these experiments it was demonstrated that the concentrations of formed FA derivatives were proportional to the amount of assayed biological samples within a very broad range. Indeed, the concentrations of formed FA derivatives in relation to the mass of assayed biological samples were linear functions within a broad range of examined samples (see sections: Preparation and hydrolysis of samples and New derivatization mode). This is a consequence of better UV detector response due to considerably higher concentrations of substrates in comparison with ones in the original derivatization procedure.
The evaluation of the new derivatization procedure was assessed by measuring concentrations of FA derivatives formed in milk, meat, duodenal digesta or subcutaneous fat samples as well as by the purity of analytical peaks corresponding to quantified FAs. On examining the yield of FA derivatives in milk on reversed-phase C 18 HPLC columns we found that our new derivatization mode significantly increased the concentrations of derivatized FAs (4-5 times) in comparison with the original derivatization procedure (Table 2) . Further experiments --a -the amount of 2,4'-dibromoacetophenone was established as the same in the both derivazation modes, while the volume of added triethylamine was in agreement with given derivatization procedure performed to compare the derivatization yield also showed that concentrations of the reaction products were always higher for saturated, mono-and polyunsaturated FAs in meat, duodenal digesta and fat samples. Based on HPLC analysis of FA derivatives in milk and meat samples using both derivatization procedures and FA standards processed by the original derivatization method, we calculated the limits of detection (LOD) and quantification (LOQ) for assayed FAs using the new derivatization procedure. As can be seen from experiments performed to compare both derivatization procedures (Table 2 ) and our earlier investigations (Czauderna and Kowalczyk, 2002 ) the proposed derivatization method offered considerably better LOD and LOQ in comparison with the original derivatization procedure (Czauderna and Kowalczyk, 2002) . Considering the above results, it seems reasonable to suggest that the new derivatization procedure can be carried out for 30 min at 40°C. Further tests are obviously needed, especially for assessment of the purity of analytical peaks corresponding to derivatized FAs in various types of biological materials. Therefore, the accuracy of the new derivatization procedure was evaluated by determining relationships between the monitoring wavelength (A, ) and ratios (R nm ) of individual FAs in assayed biological materials (R for details see . Summaries of results obtained from monitoring at various wavelengths are given in Table 3 . Fortunately, the ratios (R nm ) of saturated, mono-and polyunsaturated FAs for milk, meat, duodenal digesta and subcutaneous fat were nearly 1 in a broad UV range including the maximum of absorbance of FA derivatives (i.e. 256 nm). In wavelengths shorter or longer than 256 nm, background fluctuation or the close presence of interfering endogenous species impeded the accurate integration of some small FA peaks, especially when the original derivatization procedure was applied. Consequently, in this instance, the ratios (R nm ) were calculated for the narrower UV range, i.e. in the proximity of the maximum of FA derivative absorbance (Table 3) . Comparison of the obtained results indicated that monitoring at 256 nm should be used for quantification of the assayed FAs because all of the analytical peaks corresponding to analysed compounds are pure and free from unidentified species. Subsequent experiments demonstrated that our new derivatization procedure in conjunction with HPLC analysis and UV detection at 234 and/or 256 nm ) enabled the sensitive quantification of trace amounts of CLA (i.e. estimated LOD and LOQ values were 0.14 and 0.47 pg, respectively). Based on UV detection, the new derivatization method was found to produce a greater concentration of derivatized CLA standards in comparison with the original derivatization procedure. Fortunately, summaries of results of purity investigations revealed that peaks corresponding to derivatized CLA isomers are pure in a broad UV range from 210 to 275 nm. Indeed, for the main peaks corresponding to cis-9 trans-11, trans-9 cis-lL trans-10 cis-12 and cis-10 cis-12 CLA isomers the average±SD of R nm value was 1.02±0.06. Exhaustive investigations of the proposed derivative method have demonstrated that no essential changes in the concentrations of FA derivatives in assayed biological samples were found when HPLC analysis was performed after 24 h of storage at -18°C, while only a slight decrease of FA derivative concentrations (-2-3 %) was observed in samples stored at 40°C for 2 h.
CONCLUSIONS
The proposed derivatization method provides a universal and simple procedure for derivatization of saturated and unsaturated FAs in various types of biological materials followed by liquid chromatographic analysis with highly efficient and selective UV detection. As FA derivatizations are carried out at a lower temperature (40°C) and for only 30 min, the new derivatization method considerably diminishes the risk of isomerisation and degradation of unsaturated FAs (especially conjugated dienes) in comparison with the original derivatization procedure (Heinig et al., 1998) . Moreover, due to the use of higher concentrations of sub-strates in reaction mixtures, a substantial increase of sensitivity of FA analysis without elevating the formation yield of interfering species was found. In contrast to the original derivatization procedure, our new method can be successfully used for quantification of both trace and large amounts of FAs in various types of biological samples.
